It is widely recognized that the increased production of oxygenderived radical species is a key event involved in cardiovascular pathologies, including hypertension, cardiac hypertrophy and heart failure [1] [2] [3] . Oxidative stress is also implicated in the metabolic and functional alterations associated with ischaemia-reperfusion (I/R) injury [4, 5] . The activation of enzymes such as xanthine oxidase or the uncoupling of the mitochondrial electron transport chain are believed to play an important role in reactive oxygen species (ROS) production [6, 7] . Recent studies have suggested NADPH oxidase as a major cardiovascular ROS source, whose activity appears enhanced by several stimuli relevant to vascular and heart disease, such as angiotensin II, norepinephrine and TNF␣ [8, 9] 
Introduction
It is widely recognized that the increased production of oxygenderived radical species is a key event involved in cardiovascular pathologies, including hypertension, cardiac hypertrophy and heart failure [1] [2] [3] . Oxidative stress is also implicated in the metabolic and functional alterations associated with ischaemia-reperfusion (I/R) injury [4, 5] . The activation of enzymes such as xanthine oxidase or the uncoupling of the mitochondrial electron transport chain are believed to play an important role in reactive oxygen species (ROS) production [6, 7] . Recent studies have suggested NADPH oxidase as a major cardiovascular ROS source, whose activity appears enhanced by several stimuli relevant to vascular and heart disease, such as angiotensin II, norepinephrine and TNF␣ [8, 9] . NADPH oxidase is a multimeric enzyme that contains a core membrane-bound flavocytochrome comprising a catalytic NOX subunit and a lower molecular weight p22 phox subunit. So far, [10, 11] . NOX2 and NOX4, the main isoforms expressed in cardiac cells [12] [13] [14] phox and Rac1) [8] . The increase in subunits expression and/or the translocation of regulatory subunits (in particular p47 phox ) from the cytosol to the membrane represent prerequisites for NOX2 activation and ROS production [8, [15] [16] [17] . NADPH oxidase activity and subunits expression are increased in experimental models of pressure overload left ventricular hypertrophy [13, 16] . Recently [8] . They consist of three major subfamilies: the extracellular signal-regulated kinase (ERK), mainly implicated in cell survival and proliferation [19, 20] , as well as p38 and c-jun NH2-terminal kinase (JNK) , both related to cell death [21] [22] [23] . However, the exact role of the NADPH oxidase in signal-transduction remains largely unknown.
five NOX isoforms (NOX1-5) have been identified in different tissues
In the present study, the I/R was simulated in H9c2 cardiomyoblasts, a cell line extensively used in cardiological research since it shares most of the molecular and functional features of adult cardiomyocytes [24] .
The aims of our investigation were the following: (1) 
Materials and methods

Cell cultures
Embryonic rat cardiomyoblasts (line H9c2 
Experimental protocol
Simulated ischaemia was obtained as previously reported [25] [26] . 
Measurement of intracellular ROS
Superoxide production assay
Superoxide production was assessed by lucigenin-enhanced chemiluminescence as described previously [18] . 
Results
Simulated I/R increases intracellular ROS production
Cells subjected to simulated I/R showed a significant increase in intracellular ROS production examined by H2DCF-DA fluorescence intensity compared with normoxic controls (Fig. 1) (Fig. 3B) . In control H9c2 cells confocal images showed that NOX2 expression was localized in plasma membrane and in the cytosol including the perinuclear region ( Fig. 3B-a) . After simulated I/R NOX2 labelling appeared more intense and showed a vesicular or granular pattern in all these compartments (Fig. 3B-b) , that was not modified by DPI treatment (Fig. 3B-c 
MAPK activation
To elucidate the signal transduction pathway involved in simulated I/R injury, we evaluated the level of phosphorylation of the three principal members of the MAPK family (p38, ERK and JNK) by Western blotting. In cells exposed to simulated I/R, no significant difference were found in the p38 phosphorylation status (expressed as p-p38/p-38 ratio) with respect to control cells (Fig. 6A), whereas ERK (p-ERK/ERK ratio) and JNK (p-JNK/JNK ratio) phosphorylation were significantly increased (1.7-fold, P Ͻ 0.01; and 2-fold, P Ͻ 0.05; both versus control; Fig. 6B and C). In order to verify a possible link of these events with the NADPH oxidase activation, we analysed ERK and JNK phosphorylation in the presence of DPI. DPI treatment decreased significantly only the p-JNK/JNK ratio; similarly, the selective JNK inhibitor,
Fig. 3 Changes in NOX2 (gp91 phox ) protein expression in H9c2 cardiac muscle cells subjected to simulated ischaemia and reperfusion in the absence and in the presence of DPI. (A) Representative immunoblot of NOX2 (upper) and densitometric quantification of NOX2 membrane expression level (relative to ␣-actin, used as a loading control) (lower), expressed as fold increase of control. HL-60 cell lysate was used a positive control for the detection of NOX2. Values are means Ϯ S.E.M.; * P Ͻ 0.05 versus control; n ϭ 6, separate cell cultures (B) Confocal images of (a) control, (b) I/R and (c) DPI-treated I/R H9c2 cells. The cells were fixed and processed as described in Materials and Methods.
SP600125, reduced the p-JNK/JNK ratio to control level [32] (Fig. 6 ). In agreement with this effect, a positive correlation (r ϭ 0.74, P Ͻ 0.01) was found between NADPH oxidase-derived superoxide production and JNK activation.
Cell viability and LDH release
As judged by the Trypan blue exclusion assay (Fig. 7A) [18] is the reason for using H9c2 cardiomyoblasts line in the present study. This cell line, sharing features of adult cardiomyocytes [24] , is considered a valuable model for mechanicistic studies aimed to investigate the pathways implicated in cardiac cell death following oxidative stress [33] . Previous works in this area include studies of oxidative cell damage caused by doxorubicin [33, 34] , hydrogen peroxide [35] and ischaemia/reperfusion [36, 37] Previous investigations in cell and animal models highlighted that NADPH oxidase activation occurs through either increased expression or post-translational modifications and translocation of the oxidase subunits [8, 15, 17, 40] . Recent 
Fig. 4 p47 phox membrane translocation in H9c2 cardiac muscle cells following simulated ischaemia and reperfusion in the absence and in the presence of DPI. (A) Immunofluorescence of (a) control, (b) I/R and (c) DPI-treated I/R H9c2 cells. (B) Representative immunoblots of p47 phox protein expression of membrane and cytosolic fraction of H9c2 cardiac muscle cells (upper). Densitometric quantification of the ratio of membrane to cytosolic protein expression of p47 phox (lower). Values are means Ϯ S.E.M. **P Ͻ 0.01 versus control; † † P Ͻ 0.01 versus I/R; n ϭ 6, separate cell cultures.
Discussion
The novel finding in this study is that the production of NADPH oxidase-derived ROS was enhanced in cardiomyoblasts maintained for 24 hrs under ischaemia-simulating conditions followed by 1 hr of simulated 'reperfusion'. This was accompanied by increases in lipid peroxidation, in activation of specific redoxsensitive kinases and cell death. Inhibition of NADPH oxidase activity by the flavoenzyme inhibitor DPI largely prevented simulated I/R-induced ROS formation; the latter matched a reduction in MDA content, a significant decrease in p-JNK/JNK ratio and an evident protection against cell death. The main aim of our study was to describe the role of NADPH oxidase in cardiac cell exposed to simulated I/R. In fact, albeit several recent studies have examined the influence of myocardial I/R on NADPH oxidase, there are only few and conflicting data about the contribution of this oxidase complex to I/R-cell damage and its regulation. The present investigation follows our previous demonstration that, in the myocardium from end-stage ischaemic and non-ischaemic cardiomyopathy, an increased NADPH oxidase activity was significantly related with enhanced lipid peroxidation and activation of redox sensitive kinases. The limitation on finding a clear evidence for a cause-effect relationship in end-stage hearts
Representative immunoblots for p-p38 (A), p-ERK (B) and p-JNK (C) (upper) and respective total protein in H9c2 homogenate (lower
